Standard chemotherapy is associated with low response rates and short progressionfree survival among patients with pretreated metastatic triple-negative breast cancer. Sacituzumab govitecan-hziy is an antibody-drug conjugate that combines a humanized monoclonal antibody, which targets the human trophoblast cell-surface antigen 2 (Trop-2), with SN-38, which is conjugated to the antibody by a cleavable linker. Sacituzumab govitecan-hziy enables delivery of high concentrations of SN-38 to tumors.
T h e ne w e ngl a nd jou r na l o f m e dicine T riple-negative breast cancer, which is defined by a lack of tumor-cell expression of the estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2 (HER2), 1, 2 accounts for approximately 15% of invasive breast cancers [3] [4] [5] and is associated with aggressive tumor biology and a poor prognosis. Triple-negative breast cancer is more common in younger women than in older women and in black persons than in persons of other races and ethnic groups, and it is often associated with visceral metastases. 2, 4 Although targeted therapies have benefited patients with other subtypes of breast cancer, and several targeted therapies for hormone-receptorpositive and HER2-positive breast cancer have recently been approved for use, [6] [7] [8] [9] sequential singleagent chemotherapy remains the standard of care for patients with metastatic triple-negative breast cancer. 7, 10 Recently, a progression-free survival of 7.2 months was reported with investigational use of atezolizumab and nab-paclitaxel combination therapy in previously untreated patients with metastatic triple-negative breast cancer. 11 However, a majority of patients have disease progression after receiving first-line therapy, and standard therapeutic options are limited to chemotherapy. Standard chemotherapy is associated with low response rates (10 to 15%) and short progression-free survival (2 to 3 months) among patients with pretreated metastatic triple-negative breast cancer. [12] [13] [14] [15] [16] Overall survival among patients with this form of breast cancer has not changed over the past 20 years 6 ; this highlights the need for advances in therapeutic options for these patients.
Sacituzumab govitecan-hziy (IMMU-132; Immunomedics) is an antibody-drug conjugate in which SN-38 (an active metabolite of irinotecan), a topoisomerase I inhibitor, is coupled to the humanized antitrophoblast cell-surface antigen 2 (Trop-2) monoclonal antibody hRS7 IgG1κ through the cleavable CL2A linker. 17 Trop-2, a transmembrane calcium signal transducer, is overexpressed in many epithelial cancers, and it stimulates cancer-cell growth. 18, 19 Trop-2 is detected in breast cancer cells, including those in triple-negative breast cancer, 19, 20 and its expression is reported in more than 85% of tumors. 21, 22 On binding to Trop-2, hRS7 (in free or conjugated form) is internalized and delivers SN-38 into the tumor cell. 23 In addition, because of the cleavable linker, SN-38 is released in tumors both intracellularly and in the tumor microenvironment, thereby allowing for the delivery of therapeutic concentrations of the drug in bystander cells to which the conjugate has not bound. Sacituzumab-bound tumor cells are killed by intracellular uptake of SN-38, and adjacent tumor cells are killed by the extracellular release of SN-38. 24 IMMU-132-01 is a phase 1/2, basket design, open-label, single-group, multicenter trial involving patients with various types of advanced solid cancers who have received at least one previous therapy for metastatic disease. Preliminary results for 69 patients with metastatic triple-negative breast cancer have been reported. 25 In 2016, sacituz umab govitecan-hziy was assigned a "breakthrough therapy" designation by the Food and Drug Administration (FDA) for the treatment of patients with metastatic triple-negative breast cancer who have received at least two previous therapies for metastatic disease, and, accordingly, the protocol was amended to require further enrollment in a more defined population of patients with metastatic triple-negative breast cancer who had received at least two lines of previous therapy, including previous taxane therapy. Here, we report updated results for all patients who received sacituzumab govitecan-hziy as a third-line or higher line of therapy for metastatic triple-negative breast cancer at the clinically selected dose level of 10 mg per kilogram of body weight.
Me thods

Trial Design and Oversight
Eligibility criteria that were previously described for patients with metastatic triple-negative breast cancer 25 also apply to the overall trial population (see the Methods section in the Supplementary Appendix, available with the full text of this article at NEJM.org). Sacituzumab govitecan-hziy was administered as an intravenous infusion on days 1 and 8 of 21-day cycles until disease progression or unacceptable adverse events. In case of severe treatment-related adverse events, dose reductions of 25% were allowed for the first occurrence and of 50% for the second occurrence, with treatment discontinuation at the third occurrence. Hematopoietic growth factors or blood transfusions were allowed at the investigator's discretion; however, prophylactic treatment before the first dose (cycle 1, day 1) was not allowed. All patients with metastatic triple-negative breast cancer in the efficacy data set received treatment at a starting dose of 10 mg per kilogram.
The sponsor, Immunomedics, designed the trial and gathered the data. Data analysis was performed by Veristat and by authors who are employed by Immunomedics. All the authors assume responsibility for the accuracy and completeness of the data and vouch for the fidelity of the trial to the protocol, which is available at NEJM.org. The first draft of the manuscript was written by the first author with the sponsor and a medical writer paid by the sponsor. All the authors contributed to the writing, review, and revision of the manuscript.
Efficacy Evaluations
Staging computed tomography (CT) and magnetic resonance imaging (MRI) were performed at baseline and at 8-week intervals from the start of treatment until disease progression requiring discontinuation of treatment. Confirmatory CT and MRI were performed no sooner than 4 weeks after an initial partial or complete response. Subsequent imaging was performed at 8-week intervals after the confirmatory imaging.
The primary efficacy end point was the objective response rate. Assessment of response was performed according to Response Evaluation Criteria in Solid Tumors, version 1.1. Local assessments were used for treatment decisions and for the primary efficacy analysis. Other efficacy end points were the time to response and the duration of response in patients who had a response, the clinical benefit rate (defined as a complete or partial response or stable disease for at least 6 months), and progression-free and overall survival.
Blinded independent central review of staging scans was also obtained for the 56 patients (of the 108 with metastatic triple-negative breast cancer) who had complete or partial remission, or at least a 20% reduction in the baseline sum of the diameters of the target lesions, according to local site evaluation. This blinded independent review, which was performed by Intrinsic Imaging, included reviews by two independent radiologists and a third adjudicating radiologist, if needed.
Safety Evaluations
Safety evaluations included assessments of adverse events and serious adverse events, laboratory safety evaluations, vital signs, physical examination, and 12-lead electrocardiography (ECG). A 12-lead ECG was to be performed at baseline, after completion of the infusion on day 1 of every even-numbered treatment cycle, at the end of treatment, and at the end of the trial. ranges from 0 to 5, with 0 indicating that the patient is fully active with no restrictions, 1 indicating that the patient is ambulatory and able to carry out work of a light or sedentary nature but restricted in physically strenuous activity, and higher numbers indicating increasing degrees of disability. § Visceral organs were defined as solid organs, excluding the brain. with varying severity, the maximum reported grade was used in summaries. The safety evaluation for the cohort of patients with metastatic triple-negative breast cancer was the same as that for the overall trial population.
Statistical Analysis
Details of the statistical analyses have been described previously. 25 When the cohort of patients with metastatic triple-negative breast cancer was evaluated to identify those who received sacituzumab govitecan-hziy at a dose of 10 mg per kilogram and had received at least two previous therapies for metastatic disease, the target group included 108 patients. The response rate and the exact 95% confidence intervals were calculated with the use of the Clopper-Pearson method. Progression-free and overall survival and timeto-event end points were analyzed with the use of Kaplan-Meier methods, with medians and corresponding 95% confidence intervals determined according to the Brookmeyer and Crowley method with log-log transformation. Subgroup analyses were used to evaluate the effect of patient factors and previous cancer treatments.
The trial was approved by the institutional review board at each investigational site before initiation of the trial and was performed in accordance with the Declaration of Helsinki, the International Council for Harmonisation guidelines for Good Clinical Practice, the FDA Code of Federal Regulations, the requirements of national drug and data protection laws, other applicable regulatory requirements, and the standard operating procedures of Immunomedics. All patients provided written informed consent before enrollment. 
R esult s
T h e ne w e ngl a nd jou r na l o f m e dicine patients had been heavily pretreated (median of 3 previous anticancer regimens [range, 2
to 10]).
A total of 106 of these patients (98%) had received taxanes and 93 (86%) had received anthracyclines. The baseline demographic characteristics of the patients are summarized in Table 1 . At the time of data cutoff (December 1, 2017), the median duration of follow-up among the 108 patients with metastatic triple-negative breast cancer was 9.7 months (range, 0.3 to 36.5). Eight of these patients were continuing to receive treatment. A total of 100 patients (92.6%) had discontinued treatment, and in 86 of these patients (80%), discontinuation was because of disease progression. Other reasons for discontinuation are listed in Table S1 in the Supplementary Appendix.
Safety
The 108 patients with metastatic triple-negative breast cancer received a mean of 18.7 doses of sacituzumab govitecan-hziy (range, 1 to 102), or 9.6 cycles (range, 1 to 51), with a median duration of exposure of 5.1 months (range, 0.03 to 36.1). A total of 99 patients (92%) received preinfusion medications (acetaminophen, antihistamines, H 2 antagonists, glucocorticoids, antiemetics, anxiolytics, and atropine). The most common adverse events were nausea, diarrhea, fatigue, neutropenia, and anemia, and the most common adverse events of grade 3 or higher (>5% incidence) included neutropenia, anemia, and a decreased white-cell count, as outlined in Table 2 . Diarrhea (predominantly grade 1) was a common adverse event (in 62% of the patients overall); the incidence of CTCAE grade 2 diarrhea was 14%, and the incidence of at least grade 3 diarrhea was 8%. No peripheral neuropathy of grade 3 or higher was reported. Four patients (4%) had adverse events leading to death during treatment (details are provided in the Results section in the Supplementary Appendix). Serious adverse events were reported in 35 patients (32%); the most common (>2% incidence) were febrile neutropenia (in 7% of the patients), vomiting (in 6%), nausea (in 4%), diarrhea (in 3%), and dyspnea (in 3%). Adverse events leading to interruption of treatment occurred in 48 of the 108 patients (44%); the most common reason was neutropenia. Three patients (3%) discontinued treatment because of adverse events; 2 patients discontinued because of drug-related events, and 1 patient discontinued because of hypertension, which was thought by the investigator not to be drug-related. Transient changes in laboratory safety values that occurred during treatment included decreases in blood-cell counts and alterations in biochemical values, which generally recovered by the end of treatment.
Efficacy
In Figure 1A , a waterfall plot shows the breadth and depth of responses according to local assessment in 108 patients with metastatic triple-negative breast cancer. The response rate was 33.3% (36 of 108 patients), including complete responses in 3 patients (2.8%). The clinical benefit rate (including stable disease for at least 6 months) was 45.4% (49 of 108 patients). In Figure 1B , a swimmer plot shows the onset and durability of response in each of the 36 patients who had an objective response. In these patients, the median time to response was 2.0 months (range, 1.6 to 13.5), and the median duration of response was 7.7 months (95% confidence interval [CI], 4.9 to 10.8). The response rate (34.3% [95% CI, 25.4 to 44.0]) and median duration of response (9.1 months [95% CI, 4.6 to 11.3]) according to blinded independent review were similar to those determined by local assessment (Table S5 in the Supplementary Appendix). According to local assessment, the estimated probability that a patient would have a response at 6 months was 59.7%, and the estimated probability that a patient would have a response at 12 months was 27.0% (Fig. S2 in the Supplementary Appendix). At the database cutoff date, 6 patients had long-term responses with a response for more than 12 months (range, 12.7 to 30.4). Table 3 summarizes the results according to investigator assessment.
We evaluated the response to sacituzumab govitecan-hziy in a variety of patient subgroups (Table S6 in the Supplementary Appendix) and found no meaningful differences in response rates according to patient age, the onset of metastatic disease, the number of previous therapies, or the presence or absence of visceral metastases. The response rate was 44% (8 of 18) among patients who had received previous checkpoint inhibitors; however, these results and those of all the reported subgroups should be interpreted with caution given the small number of patients available, which led to wide confidence intervals.
At the time of data cutoff, 94 patients (87.0%) had disease progression and 77 patients (71.3%) had died. The median progression-free survival Sacituzumab Govitecan-hziy for Breast Cancer was 5.5 months (95% CI, 4.1 to 6.3); the estimated probability of progression-free survival was 41.9% at 6 months and 15.1% at 12 months (Fig. 1C) . The median overall survival was 13.0 months (95% CI, 11.2 to 13.7); the estimated probability of survival was 78.5% at 6 months and 51.3% at 12 months (Fig. S3 in the Supplementary Appendix) .
To analyze efficacy in relation to the aggressiveness of the clinical course and to address concerns regarding relatively indolent tumor biologic characteristics in the trial population, we compared the duration of treatment with sacituzumab govitecan-hziy with that of previous anticancer treatment in the 108 patients with metastatic triple-negative breast cancer for whom data were available. The median duration of treatment with sacituzumab govitecan-hziy (5.1 months) was approximately twice that with the previous anticancer treatment (2.5 months); this highlights the clinical activity and lack of cross-resistance with this antibody-drug conjugate (Fig. 2) .
Discussion
Among patients with metastatic triple-negative breast cancer who had received at least two previous therapies for metastatic disease (median, three) and who received treatment with sacituzumab govitecan-hziy, the response rate was 33.3%, the median duration of response was 7.7 months, the median progression-free survival was 5.5 months, and the median overall survival was 13.0 months. Efficacy was observed in patients who had received taxanes and anthracyclines, suggesting a lack of cross-resistance to previous cyto- Ongoing response after data cutoff
T h e ne w e ngl a nd jou r na l o f m e dicine toxic chemotherapy. The duration of treatment with sacituzumab govitecan-hziy was longer than with the immediate previous antitumor therapy (5.1 months vs. 2.5 months); this provides further evidence of clinical activity in patients with difficult-to-treat metastatic triple-negative breast cancer. Although a subgroup analysis based on the patients' age, the onset of metastatic disease, the number of previous therapies, or the presence or absence of visceral metastases showed no meaningful differences in outcomes, the small number of patients led to wide confidence intervals, and thus the homogeneity of clinical outcomes observed in these subgroups is weak and should be interpreted with caution. The most relevant adverse events in patients with metastatic triple-negative breast cancer, as well as in the larger population of patients with multiple tumor types who received sacituzumab govitecan-hziy, included neutropenia and diarrhea, which were managed with routine supportive care according to general practice guidelines (i.e., early intervention with granulocyte colony-stimulating factor and early intervention for diarrhea). Few patients discontinued treatment because of adverse events. Severe drug-related neuropathy or cardiac adverse events, which may limit the duration of treatment with cytotoxic agents in this patient population, 26 were not observed. Hypersensitivity events of grade 3 or higher that were associated with infusion of monoclonal antibodies were infrequent (in 3 patients [3%]). Four deaths occurred during treatment (within 30 days after the last dose of sacituzumab govitecan-hziy); all deaths were attributed by the investigators to disease progression, and none were considered to be related to sacituzumab govitecan-hziy (see the Results section in the Supplementary Appendix). The safety profile of sacituzumab govitecan-hziy in the 108 patients with metastatic triple-negative breast cancer was generally consistent with that in the overall safety population of 420 patients who had a variety of tumor types (Table S3 in the Supplementary Appendix).
The long-term efficacy of the various treatment options for patients with metastatic triplenegative breast cancer (serial application of single agents) is limited. [12] [13] [14] 16 Poor outcomes seen in patients with metastatic triple-negative breast cancer, as compared with other breast cancer subtypes, are partly explained by the lack of actionable driver mutations or established molecular targets, thereby leaving sequential single-agent chemotherapy as the main treatment approach.
7,10 Sacituzumab govitecan-hziy is an antibody-drug conjugate with Trop-2 as the target of recognition; it can deliver cytotoxic chemotherapy to tumors, including adjacent cancer cells, in concentrations that are higher than those with standard chemotherapy and may reduce toxic effects in normal tissues that do not express the target. 24 High expression of Trop-2 in triple-negative breast cancer and its association with a poor prognosis suggest that it is a rational therapeutic target in this patient population. 19, 21 The cytotoxic component of sacituzumab govitecan-hziy is SN-38, a highly potent topoisomerase I inhibitor and metabolite of irinotecan. The cytotoxic activity of SN-38 delivered through sacituzumab govitecan-hziy is 100 to 1000 times as high as that of irinotecan. 27 In animal models, the tumor-to-serum area under the curve ratio for SN-38 was 20 to 40 times as high with sacituzumab govitecan-hziy as it was with irinotecan, whereas concentrations that were 20 to 136 times as high as those with irinotecan were delivered into the tumor. 24 Clinically, serum concentrations of glucuronidated SN-38, the molecular species most strongly associated with toxic effects, were Median duration of response (95% CI) -mo 7.7 (4.9-10.8)
* These patients could not be evaluated because of death, transfer to hospice, withdrawal due to clinical progression, or withdrawal due to grade 4 neutropenia before any radiologic assessment of response. † The objective response rate is the percentage of patients with a complete response or partial response. ‡ The clinical benefit rate is the percentage of patients with a complete response or partial response or stable disease for at least 6 months. substantially lower than those of SN-38 with sacituzumab govitecan-hziy and substantially lower than glucuronidated SN-38 concentrations reported with irinotecan. 28 This may explain the considerably lower discontinuation rates and clinically relevant lower rates of grade 3 or 4 gastrointestinal toxic effects in this trial than in trials of irinotecan. Although toxic effects associated with sacituzumab govitecan-hziy are similar to those of irinotecan, these data suggest that sacituzumab govitecan-hziy has a better side-effect profile and is less likely to be associated with more severe adverse effects. 29 The less severe nature of these adverse events with sacituzumab govitecanhziy was reflected in the low incidences of adverse events leading to treatment discontinuation (3%) and death during treatment (4%), as well as in the absence of grade 3 or 4 neurotoxicity.
Toxic effects of irinotecan, especially neutropenia, have been associated with UGT1A1*28 homozygosity 30, 31 and with other variants of UGT1A1 or DPYD. [32] [33] [34] The incidence of neutropenia increased numerically with the number of *28 copies, whereas this pattern was not observed for other adverse events of interest such as diarrhea (Table S4 in Supplementary Appendix). However, the results are based on a retrospective, exploratory analysis, and additional validation is needed before they can be used for clinical decision making related to sacituzumab govitecan-hziy.
Among the few studies involving pretreated patients with metastatic breast cancer, one of the largest, EMBRACE (Eisai Metastatic Breast Cancer Study Assessing Physician's Choice Versus Eribulin), involved 762 patients who had received a median of four previous chemotherapy regimens, Asterisks indicate patients who received therapy for only 1 day. The vertical dashed lines at 6 months and 12 months show the clinically meaningful end points for patients with metastatic triple-negative breast cancer. When the month and year were available, a missing start date was imputed as the 15th of the month, and a missing end date was imputed as the last day of the month. T h e ne w e ngl a nd jou r na l o f m e dicine and 19% had triple-negative breast cancer. 26 Adverse events leading to discontinuation of treatment occurred in 13% of the patients receiving eribulin and 15% receiving treatment of the physician's choice (any single-agent chemotherapy, hormone, or radiotherapy). In the EMBRACE study, the incidence of neutropenia was 52% with eribulin (the incidence of grade 4 neutropenia was 24%) and 30% with the physician's choice (grade 4 neutropenia, 7%) and the response rate was 12% with eribulin (duration of response, 4.2 months) and 5% with the physician's choice (duration of response, 6.7 months). The response rate of 33% and the duration of response of 7.7 months reported with sacituzumab govitecan-hziy compare favorably. 26 In addition, topoisomerase inhibition may have advantages over microtubule inhibition in these patients, given that altered DNA repair pathways are common in triple-negative breast cancer. 35 Furthermore, confirmed objective responses were noted in patients who had received previous programmed death 1-based therapy or programmed death ligand 1-based therapy, suggesting a lack of cross-resistance with immune checkpoint inhibitors and the potential usefulness of combination therapy.
Direct comparison with other chemotherapy approaches was not possible in this trial because of its noncomparative design. However, we used the response rate as the primary end point, which is less subject to bias than progression-free survival in a single-group trial and has been used for accelerated approval in other oncology trials, [36] [37] [38] with only a small portion of indications under the accelerated approval program failing to verify clinical benefit. 39 A confirmatory multicenter, randomized, phase 3 trial (ASCENT; ClinicalTrials.gov number, NCT02574455) is currently recruiting patients in North America and Europe to compare sacituzumab govitecan-hziy with the physician's choice of four single-agent types of chemotherapy (capecitabine, gemcitabine, vinorelbine, and eribulin) in patients with metastatic triple-negative breast cancer that is refractory or relapsed after at least two previous forms of chemotherapy (including a taxane).
In conclusion, sacituzumab govitecan-hziy (IMMU-132) had efficacy with a 33% response rate in a heavily pretreated population of patients with metastatic triple-negative breast cancer. Diarrhea and myelosuppression were the primary adverse events, and discontinuation rates were low.
Editor's note: After this article went to press, the trial sponsor was informed by the FDA that the suffix "-hziy" had not yet been formally approved.
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